The current study was designed to see how hearing-impaired individuals judge level differences between speech sounds with and without hearing amplification. It was hypothesized that hearing aid compression should adversely affect the user's ability to judge level differences.
INTRODUCTION
The perception of sound level is fundamental to hearing our environment and in treating hearing impairment, from restoring dynamic range to achieving comfortable levels of gain in a hearing aid. The ability to discriminate the levels of different sounds is vital to our perception of the environment (Coleman 1963; Brungart & Scott 2001) as well as communication (Monrad-Krohn 1963; Mitchell et al. 2003) . The effect of hearing impairment and amplification on this ability has, however, only been experimentally tested with pure tones or, in rare circumstances, noises. Little is known about how well hearing-impaired (HI) populations, with or without hearing aids, judge the level of realistic sounds or how hearing aids affect this ability.
In a questionnaire on auditory disability, Noble and Gatehouse (2006) found that aided participants reported that sounds were perceived much more as being located inside the participant's head (i.e., internalized) than unaided participants. A possible cause for this internalization problem is the hearing aid compressor. The hearing aid compressor, however, is its vital component; it attempts to compensate for the loss in dynamic range. This technology, along with other hearing aid technology (e.g., noise reduction), depends on proper estimations of the acoustic envi-ronment. To better inform how hearing aids can make relevant estimations of the levels of everyday sounds, it is necessary to know how the relative levels of everyday sounds are perceived by hearing aid wearers and how current hearing aids impact their judgment.
Many of the level discrimination studies to date have been concerned with how normal-hearing (NH) and HI auditory systems are able to encode a wide dynamic range with neurons individually capable of only a narrow range (Viemeister 1988 ). These studies have almost exclusively used sinusoids, amplitudemodulated sinusoids (Fastl & Schorn 1981) , or band-limited noise (Rodenburg 1972; Viemeister 1974; Moore & Raab 1975) . Other studies examined broadband signals but only steady state noise (Montgomery 1935; Miller 1947; Harris 1950; Pollack 1951; Houtsma et al. 1980) . In a two-alternative forced-choice procedure, Harris (1950) showed no effect of SL for broadband noise Ͼ5 dB SL, with level-discrimination thresholds relatively constant at 0.6 dB. We know of no published data on level discrimination for speech, either for NH or HI individuals.
There have been many studies on the ability of HI individuals to discriminate the level of two sinusoids (Florentine et al. 1993; Schroder et al. 1994; Baer et al. 2001) . Another study included broadband noise as a stimulus (Buus et al. 1995) , but none have examined the effect of impairment on the ability to discriminate the level of (nonstationary) complex sounds. Level-discrimination thresholds for 500-msec pulsed tones at equal SL have been shown to be approximately 1 dB worse for presbycutic HI compared with NH individuals (Fastl & Schorn 1981) . Thresholds for 500-msec broadband noise at roughly equal SL, however, have been shown to have negligible differences between HI and NH individuals (0.76 dB for HI at 90 dB SPL compared with 0.86 dB for NH at 63 dB SPL; Buus et al. 1995) . Despite the loss of dynamic compression in sensorineural hearing loss, impairment does not result in improved level discrimination performance in general (Hirsh et al. 1954) . For both NH and HI populations, binaural intensity-discrimination performance is better than monaural performance (Hall & Fernandes 1983 ).
An important and influential study of level discrimination with linear hearing aids was conducted by Robinson and Gatehouse (1996) . They used 800-msec tone complexes with fundamental frequency of 125 Hz and half-octave bandwidths centered at 250 and 3000 Hz. The stimuli were presented monaurally over headphones to four HI listeners unilaterally fit with linear hearing aids. Their results showed no effect of linear amplification on level discrimination for the low-frequency complex; for the high-frequency complex, the aided ear showed worse performance at lower sound levels and better performance at higher sound levels. The hearing aids had negligible gain at 250 Hz, so the improved performance at higher levels was considered to be a result of acclimatization to high-frequency amplification (cf. Munro 2008) . This acclimatization benefit at higher frequencies shown by Robinson and Gatehouse (1996) could be lessened by the compressive nature of current hearing aid amplification, as the level difference between two sounds would be decreased.
A recent study of interaural level discrimination has examined the effect of compressive hearing aids (Musa-Shufani et al. 2006 ). The nature of each hearing aid's compressor is broadly defined by three measures: (1) compression ratio (CR), the change in input required for 1 dB change in output measured by the difference between input and output over a given range, (2) attack time, the time elapsed before the compressor output stabilizes after a sudden increase in acoustic level, and (3) release time, the time elapsed before the output stabilizes after a sudden decrease in level. Musa-Shufani et al. (2006) showed an effect of CR and attack time on just-noticeable differences (JNDs) in interaural level difference (ILD) using a hearing aid simulation. NH and HI participants judged whether narrowband (third-octave bandwidth) noises centered at 500 and 4000 Hz presented over headphones were to the left or right of midline in an adaptive task. Stimuli were preprocessed with compression systems with CRs of 1:1 (linear), 3:1, or 8:1, as well as attack times of 2 or 200 msecs. The average JNDs in ILD of both low-and high-frequency stimuli for 3:1 and 8:1 compression with a 2-msec attack time increased (i.e., worsened) two-and fourfold, respectively, compared with linear compression for HI participants. There was, though, no significant effect of compression with a 200-msec attack time for HI participants. For NH participants listening to the same hearing aid simulation, the same compression effects were seen for 500-Hz stimuli, but a larger effect was seen for 4000-Hz stimuli. From the studies of Robinson and Gatehouse (1996) and Musa-Shufani et al. (2006) , it can be concluded that increasing CR well above 1:1 (linear amplification) has a detrimental effect on basic level judgments.
It would also be expected that compression should affect a listener's other level-based perceptions, such as distance. Akeroyd (2010) examined the effects of hearing aids on simulated distance perception. Speech stimuli (a male-talker and female-talker sentence) were presented in a sound-dampened room through an array of loudspeakers, mimicking the reflections from a source at varying distances. HI participants, wearing their own devices, were asked to judge which of the two sentences was perceived as further away. There was no effect found of CR and no difference in performance compared with a previous study without hearing aids (Akeroyd et al. 2007 ). Nevertheless, because the stimulus was speech, it is possible that effective CR for these stimuli was lower than the CR measured with tones. Hearing aid compression is usually measured with pure tones in standardized procedures (ANSI 2003) , but there is evidence that the effective CRs for speech sounds, measured by comparing the dynamic range of the input and output (Stone & Moore 1992) , are always lower than these nominal or standardized CRs. Several studies have found effective compression to be dramatically less for syllables (Stelmachowicz et al. 1995; Souza & Turner 1999) and continuous speech (Verschuure et al. 1996; Henning & Bentler 2008) . For example, a hearing aid programmed with a 2:1 standardized CR can result in a 1.2:1 effective CR (Henning & Bentler 2008) . Shorter release times have been hypothesized to result in greater effective (closer to standardized) CRs. In the Akeroyd (2010) study of distance, the median CRs at 1 and 2 kHz were 1.8:1; the effective CRs would be much closer to 1:1. Nevertheless, the effective CRs were equivocal to the standardized CRs, so that if there were any significant correlation with distance JND, it would still be manifest. The lack of correlation was therefore attributed to acclimatization.
The present study was designed to ascertain the effect of hearing aid compression on the ability of HI individuals to judge the relative level of speech sounds. An intensity-or level-discrimination task was used with a corpus of monosyllabic words and another corpus of short sentences, along with stationary (nonfluctuating) noise with speech-like spectra for comparison with the previous literature. Thresholds were estimated using a two-interval adaptive procedure where the level of a standard "pedestal" interval was compared with a test interval presented at pedestal-plus-increment level. This method allows for the adaptive tracking to be more precise than by simply adjusting the difference in level (Grantham & Yost 1982) . Given the multiple stimulus conditions and both unaided and aided scenarios, a shorter, interleaved tracking procedure was used (cf. Buus & Florentine 1991) . A roving standard reduced the possible confound of participants trying to detect the same pedestal level across trials as opposed to the desired discrimination of level difference within a trial (Pollack 1954) . Unaided audibility of stimuli was ensured using practice trials; pedestal levels were raised for participants for whom 65 dB (A-weighted) was Ͻ10 dB SL (cf. Harris 1950) . To reduce any immediate learning effects (Amitay et al. 2006) , an initial practice block of shorter (500-msec) noise stimuli was used.
To our knowledge, all previous level discrimination studies have been done with headphones, including the linear-amplification study by Robinson and Gatehouse (1996) . To allow the hearing aids to react to the stimuli as they would in everyday use, the stimuli in the current study were presented in the free field. The goal here was not to establish a psychometric function, so psychophysical redundancies (e.g., testing frozen speech tokens) were avoided in favor of different speech tokens from the same corpus. It was expected that hearing aids would decrease performance with stationary noise but would have little effect on speech-words or sentences-due to the reduced effective CR of conventional hearing aids.
PARTICIPANTS AND METHODS

Participants
Thirty-eight HI participants (19 females and 19 males) were recruited from the pool of hearing aid wearers available to the Institute of Hearing Research, sourced from attendees at clinics of the local hospital, postal surveys, and other occasional sources. Thirty-one of the participants were fit bilaterally, and seven were unilaterally fit. Pure-tone thresholds were assessed using the modified Hughson-Westlake method (British Society of Audiology 1981). As shown in Figure 1 , a wide range of hearing losses were tested from normal-mild to severe-profound; four-frequency pure-tone average hearing losses (4FA) ranged from 26 to 94 dB HL. The hearing loss profiles were both flat and sloping. Bone conduction thresholds for all participants showed all impairments to be primarily sensorineural. The average age was 67.2 yrs (SD 7.2 yrs). One participant could not perform the task unaided, and another could not perform the task aided; therefore, the net number of participants was 37 for all conditions. WHITMER AND AKEROYD / EAR & HEARING, VOL. 32, NO. 3, [391] [392] [393] [394] [395] [396] [397] [398] For comparison purposes, a small group of eight participants with NH, based on pure-tone thresholds being Ͻ25 dB HL from 250 to 4000 Hz, were recruited from the employees of the Institute of Hearing Research.
Stimuli
Three different stimulus types were used: (1) stationary, speech-shaped noise, (2) single-syllable, male-talker words, and (3) male-talker sentences. The stationary noise stimuli were created from independent 1500-msec samples of unmodulated International Collegium for Rehabilitative Audiology (ICRA) noise (track 1 of the ICRA compact disc; Dreschler et al. 2001 ). The single-syllable word stimuli were taken from the Four Alternative Auditory Feature (FAAF) corpus (Foster & Haggard 1987) and had an average duration of 450 msecs. The sentence stimuli were taken from the Adaptive Sentence List (ASL) corpus (MacLeod & Summerfield 1990 ) and had an average duration of 1533 msecs. For each trial, two separate samples were chosen at random from the total number of available stimuli (100 noises, 80 words, and 270 sentences). For the block of practice trials, two separate 500-msec ICRA noises were used on each trial.
All stimuli were calibrated to the same level based on the long-term average root mean square (RMS) level. The pedestal level was roved across trials from 65 to 70 dB in 0.5-dB increments (i.e., an average pedestal level per block of 67.5 dB). To ensure that the stimulus was audible (i.e., Ͼ10 dB SL) in the unaided conditions, the pedestal level was adjusted to 77.5 dB for eight moderate to severe HI participants and 87.5 dB for one severe to profound HI participant. Audibility of stimuli was also ascertained through direct questioning during practice trials and between trial blocks.
Apparatus
Participants were seated in a sound-dampened room (2.5 ϫ 4.4 ϫ 2.5 m) in the middle of a circular 24-loudspeaker array with a radius of 0.9 m and inter-loudspeaker spacing of 15°(for an illustration, see Akeroyd et al. 2007 ). The stimuli were presented from an outboard signal processor through a digital-to-analog converter (Fostex VC-8) and attenuator (Behringer Ultralink) to powered (built-in amplifier) loudspeakers (Phonic 207). The loudspeakers were all calibrated to within Ϯ1 dB at 1 kHz. All test signals were presented from the loudspeaker at 0°azimuth to the participant. The height of the fixed chair was adjusted so that the cone of the loudspeakers was at 0°elevation relative to the participant's ear canal. A touch-screen monitor, placed in front but below the loudspeakers, was used to collect responses.
To mask any low-level noise in the prerecorded signals, uncorrelated Gaussian noise with 20-msec onset and offset gates was presented from the remaining 23 loudspeakers so that the masking noise was 30 dB below the A-weighted long-term average of the speech signals measured at the center of the loudspeaker ring. This background noise began 500 msecs before the onset of the first interval and ended simultaneously with the offset of the second interval.
Compression Measures
Participants' hearing aids were analyzed for their compressor characteristics using a calibrated test box (Siemens Unity 2) with a 1/2Љ microphone and 2-cm 3 coupler. Hearing aids from seven different manufacturers (Electone, GN ReSound [Danalogic], MicroTech, Oticon, Phonak, Siemens, and Unitron) were worn with behind the ear and mini-behind the ear shells and a variety of ear molds. The standardized CRs (see Fig. 2) were determined from the difference in hearing aid output level relative to 60 and 80 dB SPL input of sinusoids with frequencies of 500, 1000, 2000, and 4000 Hz, averaged across left and right devices for bilaterally fitted participants. As can be seen in Figure 2 , the majority of participants wore devices with CRs across frequencies between 1.2 and 2:1 (i.e., modest compression), with lower CRs at 500 Hz. Five participants wore devices measured as linear or near-linear (CRs across frequencies near 1.0). Five other participants wore devices measured with CRs Ͼ2 across frequencies. The attack and release times were measured at the same frequencies according to ANSI S3.22 standards, using pure tones with gated levels of 55 and 90 dB SPL. The average attack times were 11, 14, 13, and 11 msecs at 500, 1000, 2000, and 4000 Hz, respectively, and ranged from 2 to 45 msecs across test frequencies. The average release times were 85, 80, 86, and 90 msecs at 500, 100, 200, and 4000 Hz, respectively, and were evenly distributed from 5 to 150 msecs. All devices had been worn by participants for at least 6 months before testing.
Procedure
Level-discrimination thresholds were measured using a two-interval forced-choice adaptive tracking procedure. On each trial, participants were presented with two intervals, one at pedestal level and the other at pedestal-plus-increment level. The increment level was adjusted using a three-up/one-down rule, estimating 79%-correct threshold (Levitt 1971) . The order of intervals was randomized. To reduce the possible learning of a fixed-level pedestal, pedestal level was roved as described in the Stimuli section. Two adaptive tracks were randomly interleaved for each stimulus condition (i.e., for each stimulus condition, two estimates of threshold were made within a single block of trials). For the initial practice block, only one adaptive track was tested. The starting increment levels for the two interleaved tracks were randomly selected from 50 to 60 dB in 1-dB increments, so the starting level difference between pedestal and pedestal-plus-increment intervals was 1 to 3 dB. The increment levels were adjusted in 5-dB steps for the first two reversals and then in 2-dB steps for four reversals. The increment-level threshold estimates were based on the last four (2-dB step) reversals, from which the level-discrimination thresholds (⌬Ls), in decibels, were computed from the difference between pedestal level (L p ) and pedestal-plus-increment level (L p ϩ L i ; cf. Grantham & Yost 1982) : The thresholds were averaged across the two interleaved adaptive tracks. Only thresholds with SDs across the last four reversals less than the initial step size (5 dB) were included in computations; eight thresholds (of the 456 total thresholds measured) did not meet this criterion. To test the reliability of the threshold estimates measured, 12 of the 38 participants were randomly recruited to return for a separate session (5 to 6 months after their initial visit) and repeated the procedure unaided.
For the NH participants, a practice block consisting of a single adaptive track using independent 500-msec ICRA noises was performed. In separate blocks, threshold estimates were then obtained for noises, words, and sentences. For HI participants, the practice block was performed without hearing aids. Threshold estimates were then obtained in separate blocks for the three stimulus types, unaided and aided. Half of the participants performed the three stimulus blocks with and then without their hearing aids; the other half performed without and then with their hearing aids. The order of blocks was randomized for all participants. NH sessions lasted approximately 25 minutes; HI sessions lasted approximately 1 hr.
RESULTS
When discriminating the level of words or sentences with their own hearing aids, three participants had extreme difficulty discriminating differences in level, with individual threshold estimates of 13.3, 14.4, and 16.9 dB for words and 8.0, 7.4, and 9.8 dB for sentences (see Fig. 3 ). SDs for the last four reversals of all 12 estimates were relatively low, indicating that none were due to procedural error. Median values, inclusive of these data, are given in each panel of Figure 3 ; these medians are comparable with the means seen in Figure 5 , with the exception of aided noise results, due to the greater positive skew (right panel of Fig. 3A ). While these medians are not affected by the aforementioned extreme scores, median statistics do not allow the necessary level of analysis. These six data points were therefore treated separately from the rest of the data as outliers.* All group analyses are based on the remaining 34 *All three participants with outlying data for the aided word-and sentence-stimulus conditions had pronounced hearing losses, with 4FA pure-tone thresholds of 68, 73, and 89 dB HL. Other moderate-severe to severe-profound HI participants, however, did not have the same difficulty with speech level discrimination. The three participants' devices were from two different manufacturers, one had linear amplification, and the other two were modestly compressive within the interquartile range of measured CRs. While there is no explanation for these outliers outside of an inability to use particular cues for the task (i.e., a missing strategy), it is of importance to note that their unaided thresholds were within 1 dB of the mean for all stimuli. The amplification can introduce difficulties with basic psychophysical tasks for particular individuals, yet it is necessary to restore audibility to those same individuals. For aided word and sentence stimuli, there were several thresholds that were much greater than the general distribution.
data points in the two conditions. From the medians and distributions of these thresholds in Figure 3 , ⌬Ls were higher for speech stimuli compared with noise stimuli, but there was little visible effect of amplification. The reliability of these threshold estimates was shown to be robust across testing on separate sessions with 12 of the original 38 participants. The correlations between test and retest, as shown in Figure 4 , were substantial (r 12 of 0.94, 0.82, and 0.83 for noises, words, and sentences, respectively) and did not show any bias away from the identity plot (i.e., results were not far from test ϭ retest). † All measures of reliability showed level-discrimination thresholds to have lower intertest variance for noise than speech stimuli.
The mean thresholds for the normal-hearing and unaided and aided HI participants are shown in Figure 5 . There was a clear, significant main effect of the stimulus type (F[2,205] ϭ 24.49, p Ͻ 0.001): differences in level were more difficult to discriminate (i.e., larger ⌬Ls) for words and sentences than stationary noises in both NH and HI participants, unaided and aided. For the aided conditions, the mean threshold for words (2.9 dB) was significantly (p Ͻ 0.05) higher than sentences (2.2 dB). Within each stimulus type, post hoc comparisons (with Bonferroni corrections) revealed significant differences (p Ͻ 0.05) with stationary noises between NH and unaided or aided HI participants and with words between NH and aided HI participants. There were no significant differences between aided and unaided conditions within each stimulus condition. For HI participants, there were no significant effects of (1) unilateral versus bilateral fittings, (2) average pedestal levels of 67.5 versus 77.5 or 87.5 dB, or (3) experimental blocks beginning aided versus unaided.
Correlations with age, audiometric data, and hearing aid measurements were calculated for the ⌬Ls in the HI group. ‡ Scatter plots of several factors are shown in Figure 6 .
Audiometric thresholds did not correlate with either unaided or aided thresholds for any stimuli (top left and right panels, respectively, in Fig. 6 
DISCUSSION
These results indicate elevated ⌬Ls for speech stimuli relative to stationary noise, with no general effect of amplification for HI individuals. Most psychophysical stimuli-tones and stationary noises-result in a level discrimination threshold of approximately 1 dB. The results here corroborate previous findings of broadband noise ⌬Ls for NH participants: 0.8 dB in the current study compared with 0.8 dB (Montgomery 1935), 0.7 dB (Harris 1950) , 0.6 dB (Pollack 1951 ) and, using a method closest to the current study, 0.9 dB (Buus et al. 1995) . Broadband noise ⌬Ls for HI participants (aided and unaided) were significantly higher than NH participants by approximately 0.5 dB. Given that JND thresholds with tones were 1.5 dB higher for HI in a previous study (Fastl & Schorn 1981) , the assumption that noise ⌬Ls are equivalent to pure-tone ⌬Ls averaged across frequencies (Houtsma et al. 1980) does not apply here. The difference between NH and HI participants in the current study could be due to the fixed-level stimuli being presented at different SLs for HI participants, but previous studies have shown that ⌬Ls for complex sounds are robust to SL above 5 to 10 dB SL (Harris 1950; Buus et al. 1995) . If SL was the cause for the increased broadband noise ⌬Ls for HI participants, there would be an expected correlation between pure-tone thresholds and noise ⌬Ls, but there was no such correlation. † Test-retest reliability was measured here on the same method with the same participants; hence, the larger issues surrounding the use of a correlation coefficient for testing repeatability with regard to method comparison (Bland & Altman 1986 ) have been avoided. ‡ Significance testing for all comparisons and correlations was corrected based on Bonferroni's inequality (Miller 1966) for the large number of possible independent variables (e.g., pure-tone thresholds at each frequency and CRs at each frequency); correlations found to be significant without the correction were insignificant with the correction and therefore considered spurious. The discrimination of the level of differing words and sentences has been clearly shown to be more difficult than the discrimination of the level of broadband stationary noises. Word and sentence tokens could only be discriminated when the level difference between the two tokens was Ն2 dB. Aided discrimination was significantly-approximately 0.7 dBpoorer for words compared with sentences. Although the words were clearly shorter than the sentences, their duration was long enough to not have an expected effect on level discrimination (Baer et al. 2001) . Given the increased difficulty found with amplification, it is possible that the auditory processing of the dynamic envelope of words is upset by the short-term processing of the conventional hearing aid compression. For many participants, the difficulty in judging level differences between words was exacerbated by hearing aids, although this apparent difference was negligible based on the variance. If this increased difficulty was due to hearing aid compression, it was not apparent in analysis. Hearing aid CR was not found to have any correlation with performance. Although it was hypothesized that compression would have a predictable effect on stationary noises, no such prediction was validated by the results. Mathematically, the compression should affect level discrimination, yet like Akeroyd's findings for simulated depth perception (2010), there was no such effect. These findings are akin to how mathematically, the loss of compression in the (unaided) impaired auditory system (cf. Bacon & Oxenham 2004) should lead to improved level discrimination compared with normally compressive auditory system, but experimentally this has not been the case here or in previous studies (Harris 1963; Fastl & Schorn 1981; Buus et al. 1995) . As HI individuals performed worse with stationary noise, there are other factors clearly contributing to their level discrimination ability. Hearing aid compression as prescribed in current hearing aids does not seem to have any effect on leveldiscrimination or depth-perception tasks.
STIMULUS TYPE
It is possible that current CRs are not large enough to cause an effect on either level discrimination or depth perception tasks. Standardized CRs, measured from 60 to 80 dB, were not high across frequencies (cf. Dillon 2001); only two participants wore hearing aids with standardized CRs of 4:1 at any frequency. Averaged across four frequencies (500 to 4000 Hz), standardized CRs ranged from 0.98:1 (linear) to 2.99:1, with only three participants wearing devices with average CRs greater than 2:1 (i.e., the two aforementioned participants plus one other). The effective CRs for speech are lower than these measured standardized CRs (Henning & Bentler 2008) , which could explain the lack of correlation observed here as well as in the study by Akeroyd (2010) for speech stimuli. For stationary noise stimuli, there is no effective versus standardized CR difference, hence no explanation for the lack of effect of compression on noise ⌬Ls. Previous studies of the effect of CR on ILD for narrowband noises only showed effects with standardized CRs of 3:1 (Musa-Shufani et al. 2006 ). Perhaps at the CRs measured in the present study, which are lower than previously tested CRs, the effects of compression are below the inherent noise of the observer. From this limited sampling of several different makes and models of hearing aids, conventional devices are rarely acting at standardized CRs near 3:1 for sounds in the 60 to 80 dB SPL range. That is, there could be an unwarranted expectation of effects from the dynamic compression in current hearing aids on level discrimination and depth perception tasks.
The increased level JND for words and sentences compared with stationary noise occurred for both HI and NH participants. These elevated thresholds for words and sentences across groups and conditions may indicate that matching each word or sentence in the corpus by RMS level is not an adequate strategy to equalize the sounds. Inadequate equalization may also account for the increased test-retest variance for speech compared with noise stimuli seen in Figure 4 . This method of estimating the levels of speech sounds (i.e., an RMS level) is used, however, by most current hearing aids to estimate the level of incoming sounds. That is, due to real-time processing constraints, a hearing aid is often designed to estimate the level using the simplest strategy (in each band, for multiband devices). The results here suggest that this strategy might not be wholly valid. Although there are sophisticated models to compute time-varying loudness (Glasberg & Moore 2005) , it would be informative to compare judgments to model predictions not just for these computationally intensive models but for more simplified approaches (Namba et al. 2008 ) that could easily be implemented into the computational constraints of current hearing aid technology.
